Los Angeles Trade Tech. Jr. College AS= 
Instructor: Roli. Osffinger 


KLECTRONICS T CCHNICIAN 
ASSIGNMENT SHYST 


DG Theory 
Materials: TM11-661 


Introduction: To understand ‘the nature of electricity this study 
covers the basic theory of the structure of matter. 
With this knowledge it is possible to determine what 
makes a electrical charge and the nature of charged 
podies, Also that the flow of electricity actually is 
the movement of electrons from one level of potential 
energy to another, 

Included is an introduction to the units of measure= 
ment, and Ohm's Law. : 


Kssignment: Study Chapter 2 to & of TM=661 
Test: 1, Define the following: 

a. element « 

bd, atom 

Go compound » 

ad. electron 

e. proton and neutron 


. 2, What effect does distance have when varied on the 
force of charges? | 


Se What is meant by the word potential? 
4, Define conductors and insulators. 
5, What is resistance and its unit of measurement? 


6. State Ohm8s Law and give three equations for I, &, 
and Ro 


7, Deseribe the effect a rise in temperature has on 
a copper conductor. 


8, what is the definition of an ampere? 


9, Vescribe the difference between a voltmeter and an 
ammeter and their use in an electrical circult. 


10, Give the color code of a 500,000 ohm resistor. 
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ASSIGNMENT SH s2T 
a) ae ; ‘BC Circuits 


ae oi etrouits epoy ian the nescessary foundation to 
understand complex electronic circuits. A good 
knowledge of these circuits will ‘always be im- 
portant for slectronic eqtipment consists in a 
. & great part a LDC voltage distribution system, 
apie in which the greater majority of ofouhles occur. 


At 3. ‘Study chapters 6 and 9 in TM-661 and chapter 2 in 
Henney. 


turn in work for the following problems: 
- TM-661 

a to 4 on page 635 

i to 8 on manee 108 to lll ~~ 


Henney 
problems 46 to 48 in oEee rer 2 
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os OB sheet 
"Multimeter 


| Draw the scales of your instrument and show where the foll- 
owing readings are located, giving the settings of the 
_ function am range switches: 
 orme : 100, 2K, 50K, and 1 Meg. 
- Volts De: 5, 120, and 600. = ¥ 


Volts AG: 250, 400, and 800, 


ev and record the resistance of the resistors 
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Summary Questions: 


1. Whet precautions must be observed when measuring voltages 
after a resistance measurement? 
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2. How many times greater will the 100X setting be than the 
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3. What part of the ohmmeter scale is the most accurate? 
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4, What precaution must be made when measuring an unkown voltage*® 
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Los Angeles Trade Tech. Jr. College aan JS- 
Instructor: R.H. Oeffinger 


Objective: 


Materials: 


wLeCTRONICS TECHNICIAN 
JOB Sheet 
Voltage Divider~-Loaded 
How to construct a voltage divider : for @ given load 
and to study the effects of load on EMF, 


Obtain vacuum tube from instructor. 


Squipment : 


Procedure: 


guestion: 


B= 


Myltimeter, power supply and tube manual. 


From data in tube manual determine current and voltage 

requirements for tube, 

Measure no load voltage of power supply. 

Load power supply with a load equivalent to the tube 
and measure voltage again. The voltage should 

still be higher than needed if the power supply is 

the proper type. Increase the load 10 ma. more than 

load requiremerts. Measure voltage again, This vol- 

tage am current will be the basis for designing the 

bleeder,. 


Construct circuit similiar to one shown above. 
Draw schematic of your circuit and Included values of 


all resistances and voltages found on tube and across 
bleeder, 


What is the value of thse bleeder current? 
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_ @LECTRONICS TSCHNICIAN 
| JOB SHaaT 

“ Series Type Ohmmeter 


79: How to construct and understand the characteristics 
of the common ohmmeter, 


“Materials: Basic meter, two 14 volt batteries, decade box (resi stance) 
ae and components to construct circuit as shown, 


dure: Construct ohmmeter with two ranges. Use 1 volt for one 
oe range and 3 volts for the higher range. Use decade box 
to check accuracy of meter and two calibrate, 


Draw calibrated scales: 
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‘JOB SH#ET 
4 te | Voltmeter 


a How to construct, under stané Limitations, and use 
of the voltmeter. 


re Meter used on job sheet for Meter Sensitivity, and 


| components to construct circuit as shown: 
O02 4t7-e. 
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ent: viv and power eels 


"Measure the voltages obtained from the bleeder resistor 
of the power supply with the VIVM and the voltmeter you 
have just constructed. Record each separately: #1 
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Ne 0 Saree JOB SHEsT | 
Re isae ivur Ammeter and Meter Resistance 


eo: How to mea sure meter resistance and construct an 
. ammeter. 


tlaterials: Basic Meter, 6 volt battery, ani components to con- 
struct circuits as shown: 


soot mp Mevem EMT 


Measer orig 


Rests oe 


|‘ Squipment: Kesistance decade box, and resistance bridge, 
> an , 

Procedure: To measure resistance of meter, adjust dedade box 

. with switch open for variable shunt until meter 
reads full scalw., Close switch and adjust shunt 
until meter reads $ scale. Measure shunt resistance 
and record. this the practicl value of the meter 


ye 


resistance. 
Ca To construct the ammeter, use data ebtained above. 
we, If your meter has a low value of resistance, uss 


or resistance wire for the shunts. The proper length 
ss ss GaN be measured with the bridge, and wound on 3/8 
: or # inch tubing. 


| trite a technical report on how the pwcedure used 
in this jod measures the resistance of the meter, 
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‘Voltmeter Sensitivity 


fois 
Objectives How to measure meter sensitivity. 
ae Le uf 


rials: Milliammeter (DC), Resistance Decade Box, 6 volt battery, 
ee: and hookup wire, 


7 oe ANY 

‘Procedure: Connect. circuit as shown: 

Ay Se eas 

ss CAUTPIONI 11 Cheek to see that full range of resistance 
i ae in decade aoe is in circuit before connecting battery, 
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Adjust resistance until meter reads full scale. 
Record value of resistance. 
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| “summary Questions: 
ox, | From the above data calculate the ‘following: 
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How to construct a R-S time circuit and to understand 

time with respect tc the charge and discharge of R-C 

a - constants, Ag aa 


als; To perform and conatruct circuits as illustrated: 


: VIVE and low voltage power supoly. r 


jure: With Be oneae set up as shown in fig. 1, find the firing 
ang deioniging points ef the lamp, Record thése voltages 
va elon, ae pot le ie 


Caleulate and construct pi ouit to mke neon lamp flash 
coc once efery seconds. Draw schematic giving all values: 
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2o lf resistance is in ohms and capacitance in microfarads, 
wnat unit of time will the constant be in? 
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Los Angeles Trade Tech. dr. College AS- 
InstSuctor: R.H. OCeffinger 


&USCTRONICS TaCHNTC IAN 
ASSIGNMENT SH&BT 
ReG Time Constanta 
Materials: Keith Henney, end Glen Richardson, Principles of Radio, 
Chapter 6, sections 6.5, 6.4, 6.5, and 6.6. 


o- Army Tech, Manual, TM 11-681, Electrical Fundamentals 
oA i (Alterrmting Current), Clapter 3, Section 43 


Navships 900,016, T.0. 16-1-195, Radar Blectronic 
Fundamentals, Section III, paragraph 17- ~~ 
Introduction: 
A knoweledge of R-€ time constants $6 a electronies 
technician igs important, since a11 electronic circuits 
in one form or another contain a combination of resis- 
tance and capacitance, A resistor and capacitor provides 
an accurate and inexpensive method for &iming and wave 
shaping, | 
assignment: 


Read réferences given under material, 


Test é 
1. If a lk ohm resistor and a .O5ufd capacitor are connected 
ee A.C in series, what is the time constant of the olpeuit? SOede. 
2. A capacitor has 300 volts acrosa it when fully charged. 
Ee oe If it 1s connected in a cireuit with a resistor in series, 
had what will the voltage be at the end of three time constants 
o if the circuit is shorted? ©/7 


aoe RF 5, How many time constants wi/ll it take a eapacibor-re aistor 
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combination to reach 95% of the applied yoltage? 
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. JOB SHéET | 
i ie ae a R-C Time Constant 


3: How to construct a R-C time cirevit and to understand 
time with respect to the charge and discharge of R-C 
constants. 


serials; To perform and construct circuits as illustrated: 


«po 


VIVN and low voltage power supolys 


With equipment set up as shown in fig. 1, find ‘the firing 
and deionizing points of the Ismp. Record thése voltages 
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R-C Time Constant: The time required to charge a capacitor to 63% 
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ELECTRONICS T&CHNICIAN 
INFORMATION SHEE&T 


RC Time Constants 


or to discharge it to 37% of its final voltage. 
The value of the time constant in seconds is 


equal to the product of the circuit resistance 
in ohms and capacity in farads, 


UNIVeRSAL CHARGE AND DISCHARG? CURVES OF R-C CIRCUITS 
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SHORT TaBL& OF UNIVERSAL TIME=-CONSTANT VALUES 


o ORG 


time in Seconds | of app lied-Cha rge % of Aprlied-Discharg 
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JOB SHHET 
; uy ive Oscilloscope Fundamentals 
mm . 


ive: ; How to manipulate an oscilloscope. 


Pre ee ay a diagram of the front panel of the osetlloscope an 
i, et a label all controls and their use: 
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Jobo Sheet---Oscilloscope Fundamentals 


2. Describe peak to peak, effective, rms, average, and 
maximum values, 
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5. Describe your method for using a source of filament 


voltage to calibrate an oscillcscope, 
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4. Give your procedure for using 
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Objective: How to observe tis effects of RC circuits. 
*# Weteriais: Potentiometer ard capacitor used for RG circuit. 
Equipment: Square wawe aud!o generator and ogcilloscope. 


Procedure: Connect equipment and materials es showne 


With a fixed fraquency show tn each case the shapes of the 
wave form gcroge the capacitor and the resistor for time 
constants of 1/10 and ©. - 10 times one alternation of the 
input frequency, 


( Use form } 


Summary Questions: ~ 
i. What must the sum of voltages across the resistor and 
capacitor be equal to? —_'- Sih Sale a 
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2- Explain how the peak voltege across the resistor can be 
twiee the input voltake? 
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Los Angeles Trade Tech. dr. College JS-~ 
Instructor: R.H. Oeffinger 
aLeCTRONICS TeCHNICIAN 
JOB SHicT 
Fulli-wave Rectification 


Objective: How to test and service full-wave power supplies, 


Materials: Obtain full-wave test power supply. 


Equipment: Oscilloscope and voltmeter. 


Procedure: Draw schena tic of power supply --use drawing form. 


Show with arrows the current flow for each half cycle of 
primry source, 


Connect scope and voltmeter across output. Record voltage 
and waveforms for the following: 


Connected as full-vave 


475 volts 
Dy Rie Amplifided 
Half-wave 
450 volts 
ee 


Sumary Questions: 


1. Wat is the rivple frequency at 60 cycles? 
120° GO. D.'S. 


2. Which is the easier to filter, a half-wave or full-wave 
power supply? Why? 
Full wave. The ripple frequency is twice the halt wave, therefore 
is easier to filter 


3S. Describe your method for determining a defective power 
transformer. 
By tacking voltage measurements it could be determine if any 
of the windings were open, By continuity checks it would show 
if there weré any shorted or open windings, also, 
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wee Doublers 


ey Draw a schematic for cach type( use form ) and show the 
Pe yy: following: current flow with arrows, volarhty on capacitors, 
and voltage output. 


Connect os¢illoscope and voltmeter 60 output and record voltages 
| end waveforms for the following: 
taht Lead | Heavy Load 

Rives: e subtle 120 volts 


Bary Questions: 


i, Wha t component determines the voltage regulation in 
Voltage doublers? 
The value of the capacitors 


eae Peay. of aoe teen it equipment dre voltage doublers 
 guitabdle to deliver power to?. 


Low current—using devices 


ma! 3. Draw a ‘schematic of a voltage tripler. 
ad Bea | peewe on she facade form 
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Selenium Rectifier Power Supply 


ovjectives How to construct and study the characteristics of AC-DC 
| half-wave selenium power supplies. . 
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Dsctals: Parts and components to construct circuit as shown: 
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- Low value of filter resistor: 152 Volts 


“t 

| Ale Low values of capacitance: 
Ag  * Input 150 Volts | Output 122 Volts 
A Dee Sr RE eg, Worden ap, 
ye awe Re eee 
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i “High values of capacitance: 

input 165 V: olts a Output 157 Volts 


In ate of load: . 
‘hight ‘oad ee Volts Heavy Load 140 Volts 
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Job Sheet--Selenium Rectifier (ent. ) 


Summary Questions: 


> i, Describe the action of a selenium rectifier. 
— The selenium rectifier will pass current in one direction, but 
offers a very high resistance in the other direction due to the 


combination of the seleneium coating on one side of the plates 
and the plates themselts. 


Calculate the voltage drop across the selenium for light and 
heav 


pai eet eht load 20K Heavy load 10K Filter resistor 500 ohms 
Voltage measurements across input cap. With load 152 Volts 
ce Without load 170 Volts 
IS 2 20K 1b Mt. tr OFT Heavy load 140 Volts 
YEAVY 400 X TU Bleek PU FHT Py. 
ACPD 3 vear. PIPOF ACTPOSE. FECT. Yh £4 C7 KOADP 


Taig gy agg Fe 
Bo what’ &re ULES era and disadvantages of selenium rectifiers? 
Advantages: Do not néed filament voltage supply 


Disadvantages: Low inverse peak voltage 
Low current-carrying ability 
Temperature changes affect the oackward resistance 


_ 


4, Nhat is the proper method for checking a selenium rectifier? 
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Connect another in paralell with the orie being checked and 


a measure the output voltage. /° 
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HALF WAVE RECTIFIER (SELENIUM) 
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ad - Half-wave Heotifter--Ac-De al see, 


— SFO. 


Equ: if pment : ‘Osetiloscope and voltmeter. | 


Proc sedure : Set RL FOR RATED IOAD. Connect scope and voltmeter across 
 ——“sdLoad resistor, Record voltage readings and waveforms for 
og vg the following conditions: 
or I. Low value of filter resistor Rp. 


160 Volts 


ie Med 4um value. 
ros ie tec iwolte, | 
High value 
oh 140 Volts wera 


ee ‘Il. Change values of capacitance and check voltage and 
ig A  wavefarms across them: 
iad Low values : | 
4 Input 165 Volts Output 145 Volts 


‘High Gales: | . - 
73 see o Volts © : Output 140 Volts 
ce . au i . 


Heavy Loaq 86 Volts 
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Jod Sheet-~AG-DC Power Supply ( Cont. ) 


i, “hy 1s this type of poxer supply called Ac-0DC 7 


Because it can work either from an A.C. or D.C. source. 


&o What is the relation between load and size of filter carmcitor: 


The size of the load will determine the value of the capacitors 


Heavy load----- Large capacitor 
Light load----~- Small capacitor 


oS. What is the relation between filter resistor and losd? 


The size of load will determine the value ot the filter resistor 
Heavy load----- Small resistor 
Light load----- bigger resistor 


4, What is the purpose of the 50 ohm resistor? 


To protect the tube from the surge oi current when the filter 
capacitor starts charging. 
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SYNCHRONOUS \VIBXATOR 
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Vibrator Power Supplies 


Objective: How to Test and “srvice vibrator power supplies. 


Materials: Obtain synchronous and non-synchronous vibrator supplies, 
several sizes of buffer capacitors, and a bad vibrator. 


&guipment: Oscilloscope and battery eléminator, 


Procedure, Draw schena tices of both power supplies {( use form ). 
With arrows show flow of current for each alternation. 


Place oscilloscope across primry of the pover transformer 
and observe waveforms, 


Replace vibrator with bad one and observe waveform. 


Shunt buffer caracitor with additional ones again observe 
waveforms, 


vaveforms for vibrator and buffer capacitor checks: 


Se@es—-Synchron 
Good Vibrator , | 
Bad Vibrator a 


Summary Questions: 
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What is the frequency of most vibrator power supplies? 

125 C.D. Ss 
Wrt is the purpose of the buffer capacitor? To prevent the 
C.M.F. on the secondary from damaging the points of the vibrator 


Explain your procedure for locating a short in first the 
the buffer cspacitor and second the Bt, 

First, pull out the rectifier tube. his will isolate the 
transtormer from the B+ line. Next check with ohmmeter for 
shorts in the B+ components. If the bufrer is shorted, after 
pulling out the tube the short will still show. The next step 
to disconect the bufter and see if the short is still in the 
power supply. Any component can be checked the same way . 


On the’Synchronous Vibrator Supply, due to faulty vibrators this is the only 
wave form I was able to get. 
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a Piz: 1 Fepresents the aétion of the buffer condenser. Tne cyole im 
5 eA follows: T1 the power contact period, Al the inertia sewing period, | 
Pinertia contact ‘period, and A2 the power swing period. Vibrator wave 
. are obsereed ACO ® & the primary of the power transformer. 

Aen power contact at point 2 opens an Induced voltage set up by the 
Mine field of the transformer would ordinarily create a high peak 
_ and eeuee @ burning are to occur at the contact points. Ine- 
t this peak voltage chargea the buff er condenser, which shock extiteas 
@onant circuit formed by the condenser and the effective inductance 
I corer A train of damped oscillations is started at point 2, 
ero Le eontinue ag shown by cd dotted ana, except that the enertia 
| elose oe point 3 complately damping the reat. of the oscillations. 
int 4 the opening of the ener t La contact causes the same effect to taka 


for ‘saad obher hale of the oS 
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"Fig. 2 illustrates the ideal practical value of choosing a buffer 
ndenser to give 65% elosure. Increasing the primary voltage also Lneres. 
Vim % of closurc(, less time om contact perlod jand since the average auto- 
Aen vary from 508 to 7.5 volts, selecting a pereeni 
“age of 66% 2% 6.3 volts wilt comperaate for this range, 25% im th- 7" 


M accented closure ag ghown in fig. 3. 


e Boy)! 
(ease 2--Vibrator waveforns) 
ei Cae) 7 
erclosure caused most likely by worn contacts. 
Ce i | 
acta incr nse the sving of the reed thus prolonging the off- 
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ead are entirely worn off the effect is known ag 
" and teolsoell in figs. 5 and 65 
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ir troduction: The isleotronies technician that becomes employed in the 
rey area of design of amplifiers (engineering aide) mst 

understand the dynamic conditions that exist. The use of 
Load ae ae determine the results uae can be ex- 
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ae 250 volt plate supply. Transfer all three to the | 
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, a What is the output signal for each load with an input signal 1 
of @ volts P.P. ? { chose bias for linear operation) ; 
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‘ Voltage Amplifiers--Triods 


Objective: How to construct and icasure performance of voltage amplifier 
and characteristics of vacuum tubes using the tube manual. 
Materials: Resistors and capacitors to construct, the following amplifiers 


ated: . 
as illustrat oa Lie Se , 


cule baw 
a; | fi 
EY, ee 


Equipment: Oscilloscope, VTIVYM, and audio signal generator, and construct} 
bee boards, 
Procedure: Consult instructor for selection of four triode tubea to be 
ae used as voltage amplifiers. 
E with the aid of the tube manuel construct one at a time a cir- 
for each tube using the circuit construction boards. Design 
and alter components for each cireuit for maximum output with 
B+ supply available, 


. List the following charscteristics for each tube: 
1. Filament vodtage. 
2. amplification factor. 
5S. Transconductancs. 
4, AC olate resistance. 


Draw a sehemetic fa each circuit and label the following: 
26 BF 

| : 2. Values of components. 

= 5, Plate voltage. 

af 4, Bias voltage, (cathode) 


| List the follo.ing sharactwistice for exch amplifier: 


a 1. Voltage gain. {use 1000 cycles as stand: 
Be ig: : 2. Maximum undictorted input and ottput peak to peak 
b- voltage. 


summery Questions: 
1, What affect on gain doss increasing the size of the load 
a resistor have? Why? 
eo 2. Veseribe the aciion and purrose of the cathode by-pass capacitor 
2 5, What affect will - too smll a coupling condenser have on the 
over all performance of the amplifier? 


4, How is phase inversion accomplished in an amplificr? 
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4. 


VOLTAGE AMPLIFIERS JOB SHEET 


increasing the size of tne load resistor will increase tne gain, 
because the"IpRL" drop will be greatter, therefore a greater change 
will be developed across RL. 


The purpose of the cathode capacitor is to keep the voltage across 
the resistor (Rk) constant. To do this, the capacitor charges on the 
positive swing of the plate current change and: discharges through the 
resistor on the negative swing. 


Too small coupling capacitor will discriminate against the low fre- 
quencies, 


The plate voltage is 18@ degrees out of phase with the signal voltage 
When the signal voltage goes positive more current flows in the plate 
circuit, therefore the plate voltage goes down and vice-versa. Giving 
180 degrees phase inversion, 
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TUBE CHARACTERISTICS: 
Filament Voltage: 


Fe. 
Amplification factor: 20 
Transconductance: 


2600 umhos 


AtG. Plate resistance: 7.7 K. 
AMPLIFIER CHARACTERISTICS: 
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TUBE CHARACTERISTICS: 
Filament Voltage: 


Transconductance: 


A. C. 


12.6 Volts 
Amplification factors 
1600 umhos 
Plate wesistances 


70 
44 K. 


AMPLIFIER CHARACTERISTICS: 


Input Signals 
Output Signal : 


Gains 


Maximum undistorted input: 


" 


37126 


n 


> Volts A.@. ?,. 
1a Voits Asc, 


outputs 


TF OMe ly g N\ FO 


aupay Signals 5.5 Volta A.C. P. to P. 
Output Signals 77 Volts A.C. P.to P. 
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Maximum undistorted inputs 12 Volts A.C. P. to B,. 
165 Volts A.C. 
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TUBE: GHARACTERISTICS: 
Filament Voltage: 6.3 
Amplification factor: 20 
Transconductances 2600 umhos 
A.C. Plate resistance: 7.7 K. 


AMPLIFIER CHARACTHRISTICS: 

ampus Signals 5.5 Volts. A.C. P. to P. . 

Output Signal: 85 Volts A.C. P. to P. 

Gain: .15.6 

Maximum undistorted input: 15.5 Volts A.C. P. to P. 


n n outputs 198 Volts A.C. P. to P. 
y2 Vv. DC 
x | | | 
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TUBE CHARACTERISTICS: 
Filament voltage: 12.6 
Amplification factor; 60 
Transconductance: 5500 umhos 
A.C. Plate resistance: 10.9 K. 


AMPLIFIER CHARACTERISTICS: 
Aupus Sierials 5S Volts A.C. PF. to P. 
Output signal 85 Volts A.C. P. to P. 
Gains 28.3 
flaximum undistorted input: 9 Volts A.C. P. to P. 
" " output: 240 Volts A.C. P. to P. 
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_SbacTRONICS TSCHNICIAN 
JOB SH ut 
Vacuum Tube Craracteristics_ 


How. to idatermine the characteristics of a vacuum tube and 
core voltage amplifiers. 
squtpaent: Oscilloscope, voltm ter, square and sine-wave audio generator, 
eee and test amplifier. 
. 
102. Sw 


| A Output 


‘aOT AMP LIF Tak 


procedure: Study amplifier and its above circult, and consulf the 

Phe instructor before going further. Instructor's OKsé“—_ (initial) 
re. For the following use graph paper--log for freq. response. 

/1. Close Sw, 1, turn pot. 2 to Bt side, put voltmeter acwnss 

: R-1l, and vary grid bias with pot. 1. w#ith this information 
ae draw a grid characteristic curve, | 


="? 

Beye. From inforra tion obtained from above pick & grid bias vol 
ss tage and vary pot. ee From sid draw a plate characteris- 

i? tic curve, 


: J 3. Open Sw 1, connect generator to inpit and oscilloscope to 
ss output, Vary grid bias, plate load, and the sine-vave 
output from generator at 1000 cycles. Draw waveforms for 
@lass A, B, and C. What effect is pon tecd by etyeue the 
eo plate load? 
Psy ee OUTPUT (5 8452 VARIED AVP BISTORTED 
1 ; s : ; HH“ 
(4. Bon a frequency response and draw the curve. Use sine-— 
wave output. Close Sw 2 and Stole another response curve. 
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a i Wat is. the eee relation between input ints and output 
pate voltage and plate current? 
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a) square-vave in the output pony on the scope? Poor low 
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CURVES DRA WW OW SERAROT SHEET. 


st wnat effect did the incresse in tho. size of the coupling 
24 eer. have on the fre: aeney re sponse ? 
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Objective: How to recognize, test and measure the perfermance of standard 
phase inverter circuits 


het 


fizz 


parts to build the following circuits: 
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Audio generator, Oscilloscope and VTVM, 


With the aid of tube manuals, references, notes and calculations 


determine the value of sach component. Label each circuit and 
value of each component, 


Insert signal of proper value from generator, “4th oscillosppe 
determine the amplitudes of both outputs for each type, Check 
to see that they are equal, 


ry Questions: 
ei 1. Wmt is the chief purpose of phase inversion? 


ae To obtain two Signals of equal amplitude and 180° out of 
phase so they can be fed to a push-pull stage. 


2. If there is no signal from one of the outputs of a phass 
inverter, what would the signal look like in the output 
stage? 


A wave of smaller amplitud® 
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inverter, 


resistor. 


phase inverter, ;40 
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Pilg. lgelf balancing; On this type, phase inversion is accoimpli- 
shed by using two tubes, one acts as an amplifier and the other as the phase 

The output. of both tubes flows trough a voltage divider compossed of 
the grid resistors of the push-pull stage connected to ground through a common 
The voltage drop across this resistor is the algebraic sum of both out. 
puts and it is the imput signal to the phase inverter.If the output of the ampli. 
fier varies, this voltage will vary in proportion, changing the output of the 


the same amplitud but 180 degrees out of phase. 
Split loads On this type, phase inversion is accomplished 


by splitting the koad of the tube. One output is taken off like from a staight 
amplifier, the other is taken from the second halt of the load, which is in se- 
ries with the Rk. Since the plate current flows trough both equal RL in series 
out ot phase because, one is taken from the ne- 


both outputs are equal, and 180 
gative side of the load and the other from the positive side. 


Pig. 3 Grounded grid: Phase inversion is done by a duo triode or 
or 2 triodes. Both. cathodes are connected to ground by a common unbypassed resis. 
tor. The grid of the phase inverter is grounded placing it at a more negative 
The voltage across the Rk is deveoped by the algebra. 


potential than the cathode, 


ic sum ot both plate currents and it is the signal applied to the inverter. Sin- 
ce the cathode potential will be changing at the same time that the amplifier 


grid, the action of the tube will be reversed giving an output which is 180 


er size it should give a voltage with an amplitud 
he oo ere applied to the amplifier grid. 
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of phase. 
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This is a variation of the split load inverter 

to permit a grounded input. Rl, R2 and Cl form 

a paralell circuit as far as the signal is concern 
therefore R1 and R2 must be equal and double the 
size of RL. Cl mustbe fairly large to pass all 

the audio trequencies. 
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5. This is a variation of the self balancing 
inverter. This inverter must be balanced 
manualy. The signal input for the inverter 
is taken oft the "pot" R1, which is part 

of a voltage divider. The amount of voltage 
taped must be adjusted so that the output 
of the inverter is of equal amplitude that 
the output of the amplifier. 
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Pentode Voltage Amplifier 
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Objentive: To calculate practical values of components for pentod: 
. voltage amplifiers, and be able to construct and test. 


a Materials: To construct amplifier as shown, 


Equipment: Audio generator and oscilloscope. 

Rg---247 Megs 
Rk---560 Ohms 
Rsc.-.4 Meg. 
RL---125 K, 
Ck---8 utd. 
CsC-=-.22 ufd. 
Cc---.05 utd 


Input .4 PtoP. e¢ 
Output 100 P. to P, 
Gain 250 


Procedure: Select one of the following tubes to construct the above 
amplifier: 6877, 6SK7, GAUG6, and 6AG5, 


With aid of tube manual design circuit to give the maximum 
output with a supply of 250 volts. 


Connect audio generator to input and oscilloscope to output 
Determins maximum V.G, --undistorted. 


Raise voltage on screen by parallel resistor across screen 
resistor~--check V.G. Increased 


Summary Questions: 


1. Why do pentodes have a high pé@ate resistance? Because a 

greater change in plate voltage is needed to praduce a small 

Change in plate current. 

2, What is the range of amplification factor of pentodes ? 
Up to 1500 


5. Gompare Triodes and Pentodes as follows: advantagss, 

& disadvantages, and cheracteristics. : 

| The main advantage of the pentode over a triode is the lower 
interelectrode capacitance and greater amplification. Also 
in a pentode amplifier a smaller input Signal can be used, due 
to the fact that the control grid has more control on the 
plate current. The pentode has more distortion than a triode 
because of a smaller linear portion in the characteristics 
curve. (Eg Ip) 


; aT Oh SNe? - "ui neue ny. a 
verde rogod eda ee besos Dake sy 
snk Yes % 
» 9 
fa’ c* 4 ‘one: ‘Gated “ 
M8 THR ee viet 
‘ . ~) 
, 1 St i eae foe eas + > tan 
2 “eo “fea s seh dive trad a 
emige?. GLOup ¢ Dahon. i 
i mel ce oct hree 
-tyer follova; vd neotd Ge aieiog (enna 
‘Awiton ! UY tdevtoe Te Bee 
: | ane al 
tee: oeby git 2 ovat, aghodaeg ob one 
inc of beseen of ayer io” Stn iq te oegemes 
oe eakaal siala 1% eg tthe.” 
ST roldesitilans 20 ener ena AE f oth aie i 


OOEL o8 a 


tiok ar sebodaet bere nebelyy ana pot 
Pl 7 re abe 
| uotdetteloat ate bas oh Ee Mae ee 
epoca STOVE’ ROOPREGs Siti Ld a VERE, 


50 sbe iLiad “6 Aeks POS evant fon 42 2. 
my Lamiie suqut tellage = wanes rp 
‘Snood. oot eat bo fottars GF 


. pre wild roiech exes apt), Skornag eat 
Metoa tid “ate TS nontittog ‘saectht ene s 


j ee > - i eas = \ 
Ppmcoiieger JS- 
ie | AGUSTIN LYVERS 
--BIECTRONICS TECHNICIAN r 
: : JOB SHEET 
Bore 4S es . | 
1 a ae oe } The Decibel ; | 


eg to use decibels. 
Load resistor for amplificsr. 
Audio amplifier, audio oscillator, md AC voltmeter. | 


Insert a voLt signal into amplifier and caloulste power 


ae Ss input and output. Use 1000 cycles as standard. 
a. 1h, | Repeat avove for 1 md 1$ volt input. . 
ee Pay Wine a | Zo 2 4, ges wh | 
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Calculate the db gain for each case, ERIN. 
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- Voltage’ R aeU la tion--Glow Discharge 


oj sctive: How to test, measure and construct voltage r@plators. 


Materials: ‘To construct a voltage regulator as shown: 


Seo Oe j 


E-/Gov 


ipme nt : Power supply, VIVM, OEE A aad 


Focedure : Construct voltage regulator for a load vithin the range 
of the power supply and regulator tube. 


Vary load and measure voltages: 
S%s Foy -‘VR TrveBe covT™ 


Mme t2 He. FOn PO ad eo made Ae 


Vary AC input to power supply ond record voltage output: 
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Conneet oschlloscope to output of regulator, | week filtering 
by removing a filter capacitor. Record waveforms of the 
effect that & regulator has on @ DC rippole: 
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Job Sheet--Voltage Regulation-Glow Discharge 


Summary Qguestions: | 


1, Give your explanation of the characteristics of « glow 


discharge tuhe. ~~ : . 
fhe amount of lonization of the gas in the tubg varies with the 


amount of current that the tube conducts. If a high current 
is passed, the gas is highly ionized and the resistance of the 
tube is low, and vice-versa, therefore keeping the voltage 
across the tube taifly constant over awide range of current. 


2. How ig ths value of the series dropphng resistor determined 
Ro---. The voltage droped across the resistor must be the 
difference between the input voltage and the rated voltage 
across the tube. The current used in the calculations is the 
maximum rated current of the tube. 


So To what type of circuits for regulation are the discharged 
tubes limited? 
The VR tube is limited to low current circuits, since they are 


rated at a maximum ot 30 Ma. 
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TRANSFORMER LOADING 


Objective: How to understand the effects produced when a transformer 


is loaded. 


Bquipment: Power transformer demonstration unit and battery eliminat 


Procedure: Connect equipment as shown: 


X 


Plug in unit and observe lamp. Load up secondary with light 
and medium loads. Insert a DC eurrent into one of the low 
voltage secondary windings. Increase current flow from DC 
supply until there is no effect noticed between a loaded or 
unloaded secondary winding. 


Summary Questions: 


1, hy is lamp dim with no loaded secondary? 


(The power in the primary must equal the power in the secondary). If the secon- 
dary is open (no load) there is no current flowing, therefore no power is being 
consumed in either winding, so the lamp on the primary is din. 


2, Why does lamp increase with a loaded secondary? 

With a loaded secondary there is current flowing and power 1s being 
consumed. The lamp lights brightly in the primary. If the load is 
incraesed, more current will flow and the light will also increase. 


5. hy did the load have no effect on the lamp when a DC 
current was sent through one of tke other windings? 

The D.C. current sets up a stationary magnetic tield, which 

saturates the iron core and eliminates the induction efiect of 

the primary. In this case the only impedance to the source is 

the low D.C. resistance of the primary, producing a heavy cu- 

rrent flow. Changing the load on the secondary has no effect 


on the lamp since there is no mutual induction between the two 


windings 
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: How to measure and calculate the effects of reactive 
circuits vhen resistance has been included. 


rials: Obtain test board for circuits illustrated. 

Equipment: AC voltmeter. | 

La i _ 

Procedure 5 Apply 60 cycle line voltage to sach circuit, Measure 
aoe the voltage across each component and the line Bere eee 

roe Measure the value cf the resistor. Record all measure- 

ments for future use, 
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; SiOd ALL WORK 


wary questions: 
1, From the voltags re: aoe obtained show with vectors and 


calculations the resultant line or aoplied voltege, 
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Bo What is the value of the capacitive reactance? 
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roe Resonance 


Objective: To demonstrate the eran of inductance and capacitance in reson- 
ant circuit. 


iatertals: cae on series resonant circuit as illustrated: 


py 


Beans ‘Caution: Open line switch each time when ae capacitance on 
a capacitor bank. Coil should be kept 1.25 inches above 
¥ ; base. 


vin 
“ Te Ge Connect a2 mfd paeed toc and close Line swith. 
-®, Repeat with NE 34 lamp conneted across capacitor bank. 
_ Note intensity of lamp. 
ec, With NE 34 connected remove core from coil observing the 
effect on the lamp. 


ue. 2. pdsaapaeed 1 with 3mfd capacitance connected. 


— En ‘Repeat 1 with Smt capacitance connccted. 


ttf Prepare sepezte technical report) 
evar Explein action of the oscillating iron core. 


ae if: Explain action of the core coming to rest. 
«3. Give your reson for the change of light intensity for eo 
4, What effect did removing the core from the coil have on its in- 


Gductance? From the reaction on the lignt, what effect did it 
“have on the circuit? 
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Title: Series resonance 


This report contains the information gathered with the demonstrator board 
on series resonant circuits. 


The circuit was found to be nearest resonance with a 2 mfd. capacitor 
and the core out of the coil. The voltage across both reactances was al- 
most equal. he current in the circuit is at maximum. 

When the core was inserted in the coil the intensity of the lamp Ni-~34 
across the capacitor,decreased slightly, indicating a decrease of the cu- 
rrent in the circuit. With the core inserted in the coil, the inductance 
and reactance were increased, therefore detuning the circuit and decrea- 
Sing the current. 


With the circuit set at resonance and the core outside the coil resting 
on the board, the line switch was closed. At that instant, a strong mag-= 
netic fiel was set up by the coid, since maximum current is flowing. This 
magnetic field atracted the core into the coil with great force. As the 
core entered the coil, it's inductance increased, the circuit is detunned 
and the current decreased. Now, when the core was atracted to the coil 
it's momemtum carried it to the other side, so that as it was moving out 
the inductance of the coil was decreasing bringing the circuit back to- 
wards resonance and again increasing the current which in turn increased 
the atraction by the coil to the core. This increased atraction plus the 
core's own weight, sended it back down through the coil bringing the cir- 
cuit back to the original position. This process of oscillations conti- 
nued on a dampening motbon until the core came to a complete stop inside 
the coil. Since the core never comes out of the coil completly, the cir- 
cuit never reaches the resonance point. On each oscillation the current 
decreases more and more until the core losses all it's momemtum and the 
changing magnetic field, changing at the line frequency, is able to hold 
it steady in the coil. 

The lamp NE-34 across the capacitor varied in intensity as the core 
moved in and out of the coil, being brighter at the top and bottom of 
each oscillation, indicating the changing current in the circuit as 1% 
aproached resonanee, 


Removing. the core trom the inductance decreases it's inductance since 
the iron ofters Less reluctance to the flux lines than air. The lamp in- 
dicated an increase in current by being brighter, proving that the circuit 
was at resonance with the core out. 


Increasing the capacitance, also detunes the circuit since the Xc is 
decreased. Closing the line switch with the capacitance increased, the co- 
re is atwzeted to the coil like in the first case, but now the current is 
much less, and the magnetizing force is not enough to hold the core in the 
coil due to the gravitational force in the core, so it keeps oscillating 
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cabled Parallel Resonace 


a Beh 
ves To understand the characteristics of parallel resonance circuits. 
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CAUTION Switch 1 should always be opened before adding capacitanc. 
a a that iron cores are in the colls before 
applying voltage. . 


4. With the capacitance branch out of the circuit, close sw-1, 
| _ observe the current eco lamps. 


2, Repeat #1 with AS nee observe the intensity of lamps 1, 2, 
; and 3. 


«3. Repeat #1 with res oy cae the ingensity of Lemps tT, 2, 
and Be : ee tee ; we 
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eae a technical report ae the sen observed in 
“steps 1, 2, and 3. 
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TECHNICAL REPORT 
fities Parallel resenance 


This report contains information gathered with the demonstrator board on 
parallel resonant circuits, 


Having the capacitor branch out ot the circuit both lamps,#/1 & #3,light 
with the same intensity. Since the circuit is a series inductive-resistive 
circuit the current through all components is the same, 


When 4.5 mfd, were connected in parallel with the inductance, lamp #1 
becomes dimmer, indicating less line current. Lamp #2 in capacitor branch 
is dimmer than lamp #3 in inductor branch. This indicates that the circuit 
is inductive since the Xc is greater than the x1 and the inductive branch 
current is greater than the capacitive branch current. 


When the capagitance was increased to 5.5 mid. the circuit aproached 
resonance condition. Lamp #1 intensity droppéd again, indicating a decrease 
on line current. No apreciable change was noted on lamp #3 in the inductive 
branch, while lamp #2 in the capacitive branch increased in intensity to 
equal lamp #3, indicating that the tank current was equal in both branches. 


If the cores of the coils were to be removed with the line voltage ap- 
plied, the colis will probably burn up. Without the cores the reactance of 
the coils will decrease considerably, leaving as the only opposition to 
current the D.C. resistance ot the wire plus a very small reactance. 


With the circuit at the resonance condition, lamp #1 in the line rema- 
ined lighted a small amaunt, because, the line current does not drop to ze= 
ro since the tank circuit must be supply with energy from the line to keep 
going. 


Voltages readings taken in all three steps. 


7l)6=SloLamp #1------- 3.4 volts 
1 -—-—--— 3.45 volts 
Across the coils -—--~- 106 volts 
oo. Lamp #1 —...—— 1.8 volts 
1 AES 9.5 n 
v oo) eae 4 n 
Across the inductor-—----110 volts 
. " Capacitor---114 x 
#5 Lamp #1—------1.6 volts 
. #2------ Re ” 
te ae 3.5 =" 
Across the inductor----lll volts 


" " capacitor---112.5 volts 


a 


- 


he 


7. 


adi ‘Losi satay nokreaaeNMe 4 


4i5) ‘ia see of ttt SHS 29, SOLES 


: a te WO on, seme" -guktaot 


Oe cag 


i ohyotie oat) eonke ee eee 
Porn snogeiog Lia Haionsiid ‘sake 


ei He Dae Seaioo” 


12 2 O45 .* ov: iW bird Us % ents 
8 REE? Foy eeta - Sh OR SAF ome eer 
ioterg ewitioegso yen pet? ave Bee 


Aw Loar. # PAD Annes Ee Ge: wns 4 
Lonmog bb S® gun 7 Uo Bee ; 
2 » Spas hoes 48 om... tees ieee 
rissosy ‘ont 2 Sb git Sita 

Tell ttl tg hh oe a 


A 


ore elioo ff Sa eeogiaes 

jou eit? irlafade Bh bwte ries ode 
ldexyettanon seaeitep ihe a al Z 
soos Ss fees 1S ae ® 

ie . ee tien ae ca ogy cf at 
iw. Uiiegae belie esr Lies ba) bedi ay 
Let | od Seal Diego t to cae a e¢ 


~ 


: | oy thes af neler: eae ieee 


ao J. v 5 al 0 ne ee mem tee rf | 7 

oT LON, «CP. rene eens x") 

zo’ aOL wees ‘eh bee ae 2 
atlov, Glee 


ti roe 
¢ no ee 


ee 
eriov OLL— sce 3@RaeiEaS a 
No DEES oe 


eo) 
7 


SE DOY. | Os tikes 
\ : a 


Agustin lucas 
April 16 1957 


| ROTRONIGS TOCHNECLAN 
ea _ JOB SHEET 
Loading the Resonate Circuit 


otiy wes om note the effects of loading by removing power from a series 
 —-s- vesonate circuit. | 


ee, Prepared unit as illustrated. 
Fuse | 


ee | Swi 

"e Ans wer ee and give results on a Seana bel report form. 

ap qd ~ Disconnect one lead to the resistor for & no Load, condition, | 
* +Closeswi#i and observe the rise of Mea as the circuit nears 
oops Ae 

Se Open swift and connect the 25 ohm resistor to the se condaxy 
wr Explain why the intensity of the Lemps are different. 


me ae SLide arn of resistor to maxinun position, Lift arn without 
» e's _ 
: ror i 


- 8, 
Eh. moving to a nov position, Note result and explain. 
ch. ¥ 


Ae “Inerease the load upon the secondary to 5 ohms. Explain 
the difference of intensity between the lamps 


, ee ' ; 
Be V5.6 Short. out the socondary, Observe the intensity of lamps #2 
ieeeie Slr £5, ee your explahation of the results 
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TECHNICAL REPORT 
LOADING OF THE RESONANT CIRCUIT 


This report contains information gathered with the demonstrator board. 


With the load disconnected, lamp #3 across the capacitor was brighter 
than lamp #2 across the transformer with both being brighter than lamp #1 
across the line. Since the circuit is a series cicuit the lamps indicate 
that the Xc is greater than the Xl and that the voltages drops across the 
reactances were greater than the line voltage. | 
actual voltage readingss 

Line------- 120 AC------ 200 Xp ------- 150 


As the secondary of the transformer was loaded with 25 ohms, both lamps 
decreased in intensity, lamp #2 being slightly brighter. by connecting a 
resistive load in the secondary the total impedance of the primary is in- 
ereased. fhesecondary current sets up a magnetic field which opposes the 
the field set up by the primary and the net effect is a reflected resistan- 
ce back to the primary which is equal to the load resistance times the squa- 
re of the turns ratio of the transformer, This increase in impedance in the 
circuit decreases the current flowing, therefore there is a decrease on the 
voltage drop across the reactance. 

actual voltage readings: 

XC-—-—-——— 147 Ay------ 183 
With maximum resistance of 25 ohms in the load, lamp #2 has slightly more 
intensity than lamp #3 showing a larger IR drop across the transformer due 
to the reflected impedance. 

When the load is disconnected the circuit returns to the original position 
both lamps being cosiderably brighter. (* Note) 


By increasing the load in tne secondary, the reflected imp@dance is de- 
creased, the total impedance of the circuit is decreased and the current in- 
creased. Therefore since the impedance of the transformer decreased lamp #2 
dims,showing a decrease in the IR drop. Lamp #3 incresed in intensity, sho- 
wing an incréSe in the current in the circuit and°a greater IR drop across 
the capacitor. 
actual voltage readings: 

Xe------112 Xp ------= 78 


With the secondary shorted out, lamp #2 is out. This indicates that the 
IR drop across the transformer is very low. The strong magnetic field set 
up by the secondary current cancels much of the magneti¢ field set up by the 
primary, decreasing the reactance considerably, increasing the current in 
the circvit. Therefore lamp #3 shows more intensity. 

Actual voltage readings: 

XC----~ 123 Kypewe-= _( 
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Power AmplifierseAudio 
Objectives 


How to construct and test audio power saplifiers. 
Materials; 


Components and parts to build the following circuits: 
Single - Encl edd. 


Phase or" 


layverleed. 
z SiGe if oo 
aie seese - 
im VES gy 2 
L a Bt (use Thanstormer) 


Push -Full 


Equipment: Audio generator, oscilloscope, AC voltmeter, and load resistors. 


Procedures Use tube manual to determine value of components. 


Construct first the single-ended amplifier. 
Determine the following for the amplifier: 
1. Max, undistorted output and required input signal. 
‘Power sensitivity 
2. Plate dissipation 
3. Plate efficiency 
Lh. Db. Gain 
Construct the push pull amplifier 
Repeat 1, 2, 3, & 
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@ i@actance Measurements 


Objective: How to dstermins values of unknown components. 


Materials; 74 watt lamp and various sizea of resistors, capacitors 
and inductances as needed, 


Equipments AC voltmeter and the 6 boxes with concealed components. 


Procedure: Determine what component is in sach box, giving its values 
in ohms, inductance or resetance, 


Use the 60 cycle :surce ag the AG ENF, CAUTION@-=have lamp 
in series with lins sourse. 


Draw schematic of method and compoments used for solving 


each one. x | 
Q V 4 Ov = ip ee i | 
de | be: ae w So | 
{ \ : | |— Ee, SN ORY Ay f A ee . 
. 2 = | - AY ' J 
12 @ Vy; C f Tr | 
o 
Ze ‘ my is) ® 4 
: an 1 meen ACACAC Ae : | 
60 te cue | gv A) y | 
{2 2M | be \- | 
= | Tr | 
N A 
a= \ ate — 
Ke 0 aay. ; ; / G e -¢ 
m—| -—wrvywyr»—wrr 
14 4 / 


Method used: First it was determined which box contained a capacitor by 
checkéng with the onm-meter, Then each individual box was connected tbo a 
signal generator with an output of 50 volts, observing the voltages arene 
across each element as tae fr. was varied. Once it was determined what Sar 
in the box, the values of each component were found by using ohms law ne: 
the formulas for reactances, alter they were connected to the 60 cycle A,G, 


line in the manner shown. 
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Objective 2 


Materials : 


Eguipment: 


Procedure ? 
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How to construct a clrcult with inductive and capssitive 


reactive components equal and to study the effects of 
res ONANGS 


«5 mfd and .01 mfd capacitors. 


Serles resonance board ( ag Lllustrated } and AG 


Ec 
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Ec dete = 4.7 Ken 
3lov © | Sano 
mae | 

eee 


60 ry 


Connect cireult to °0 cycle scurce and record the followi 


Short out one at a time the papacs tance end inductancs and 


make a note on the intemsity of the light; measure voltage 


acrosa the inductance and capecitanceas; place in parallel 
oné at a time first the .S mfd and then the .O01 mfd capac 
with the existing capacitanoe, recording both the voltage 
exigting across the reactances and the Intensity of the 11 


Summary Questions: 


&% 


Ge 


ae What happenca to the liht when sport: 


faite 


ng out slither the 
capacitor or inductance? 
When one of the reactive components was shorted out, the 
light dimmed considerably. This effect was caused by the 
increase of reactance as the circuit went off resonance, 
decreasing the current flow. 


At Resonances what ahould the voltase drops be acr 
reaetances? Explain, 
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Resonance ( cont. ) 


summary Questions ( cont. ) 


© 2. ( Gonte) 'n a ’ 
The voltage drops across the reactances should 
be equal since the value of both reactances is the same 
and the current being equal in ail the parts of the circuit. 


ame 6 


So Whem resonance occurs what limits the flow of current? 


What ig ®Q*? 
At resonance both reactances are equal and opposite, so 


they effectibly cancel out, l@iving the resistance of the 

circuit as the only oppositiby’ to current. 

Qis the merit ot the circuit. (How selective). Also it is 

an indication of how much resistance is in the circuit. 
Qz = Me oF Ke 


6 


4. In each case what happened to the Tight and the 4 
acrosa the reactances when the capacitors where paralled? 
Give your own aeite na ton: 
When the .5 Mfd. capacitor was placed in paralell with the capacitor in the 
circuit the ligth went out. The voltage across the capacitor dropped by 300 
volts, while the voltage across the inductance dropped by 200 volts. As the 
Capacitance was increased, the Xc was decreased, making the xX, more predomi- 
nant. The circuit is no more at resonance. The current was decreased as the 
total impedance was increased. Paralelling the .01 Mfd. had hardly no efrect 
since the original capacitance of .34 Mtd is ghite large compared with .O1 itd. 


So What is the formui: for tha resonant frequency? What 


che 


doses a geries circult represent above and below resonance? 


Expla aL Te Fo = Aiea 


A series circuit, above resonance acts inductive or represents 
an inductor. An increas in frequency will make the X. more 
predominant. 

@ Below resonance the circuit acts capacitive, since a capaci- 
tor presents more reactance to the lower frequency. 
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#LSCTRONICS TSCANICIAN 
JOB SHrat 


’ - i srensitormsr ere eee 


\ as ne Pover Pa taeortier with all windings removed except primry, 
a 5 ohm 20 watt or more resistor, 5 ohm 10 watt resistor, #30 
and #20 enamel covered wire, and ae nis fs Zing tape. 
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aoe a i 
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54 figment: Noemie Ler and low-nenge—Mammoter 


ae 
Procec lure: I. On top of primary wi nd es turns of #30 wire. 
ig Measure voltage across primry and secondary. 


How many turns ere in the prinary? 760 


II. Gonnect equipment as shown: Ep = 114 v. s 


Le 


Measure voltage across load resi stor and series resistor 
| in the yc ee Record reading of ammeter in the eo es 
7 = ay ary. 


- From data recorded to this point, solve the ae ca 


ol a. furns ratio. (60 —_9. 
or ch kee SAGs icy Step down. 


b. “Wattage in primary and secondary. 

ce % of efficiency. 

ee Pcie 2 

III, “ind 2 turns on top of last winding wich Mes wire. 


Repeat all instructions and steps as in Il. 


Measure resistance of both secondary wintings. #1>6— #2= 


Sees 2 age == Np= 760 turns 
s So — . 
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Secondary with #30 wires: 


Ep----- 100 volts. 
Be-——---44:7 volts. 
Voltage across 5 ohms resistor in primary----1.8 volts. 


lpvresr— Y= ee 


ae - 56 amps. 
alma def => .94 amps 
Primary watts—---- a a's 5G) = 36.) We 


Secondary watts---- 4.7 x .94 =4.42 w 


Efficiency----- 4242 ~ 40 3% 
36 eae 


Secondary with #21 wires 
Ep----- 96 volts. 
ES----- 3.6 volts. 


Voltage across 5 ohms resistor in primary---1.6 volts. 


ay = .32 amps. 
te-——- Bao Sn ed 2. QUAD Be 


Primary watts--—-~ 96 x .32 = 30.72 W. 
Secondary watts----8.6 x 1.72 =14.¢ W. 


Efficiency—--- 14.8 
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Job Sheet--Transformer Charactaristéces (cont.) 
on arsforme: 


«) gy Ane Ve ear ee een P 
summary Questions: 


1, Give your reason for the difference of potential found 
across the load resistor in the two secondary windings: 
Since the size of the conductor is one of the factors that 
determine the amount of EMF induced in a coil, the amount 
of induced EMF in the #21 wire coil was therefore ereater, 


2, ihy 1s it impossible to reach 100% efficiency? 


To reach 100% efficiency, the phase angle between the voltage 
and the current must be zerd. A point impossible to reach 
Since all the inductive effect can not be eliminated. Also 
there 1s a certain amount of flux leakage and core losses. 


8) 
= 


3. From the wire table caleulate how many feet in each secon 
ary winding, and the circular mills of each size of wire 


770) Wire-———-—— 100 circular mils. 
#30wire--------105 onms per 1000 feet. 
105 


7000 =.105 ohms per foot, 


#20 coil = 6 onms D.C. resistance. 


o pens : ; 
eeaseeeincetaio , A Fee 
105 ae eet .in coil 


*21 wire-—.-—.— 810 circular mils. 
#21 wire---~--—--13.1 ohms per 1000 feet. 
Ld 


—T600- ~ ,0131 ohms per foot. 


#21 coil = .8 ohms D.C, resistance. 


=r = 61 Feet in coil, 
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ELECTRONICS TECHNICIAN 
JOB SHEET 


e  dvensformer Impedances 


94  o 
NG 9 
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res Connect equipment as shown: 


'' 


Stl) iAwdio. | 
ne Generator | 


Set audio generator frequency at appx. 1000 cycles, Increase 
output fom generator until > readable waveform is present on 
the oscilloscope 2% the output terminals of the generator, 

th the oscilloscope measure the voltage on the secondary of 
he transformer, — | | 


lise the voltage readings of the primary and secondary 
_ the impeitance of the two windings, 
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ss BLEGTRONICS TECHNTCTAN 
Die a S08 SHEET 
lake | | Germanium Diode Characteristics 


3¢ fo study the forward and reverse characteristics of germaniun 
diodes with respect to voltage, current, and Lemperature . 


as diodes mounted on board. 


As shown bellows 


e2 Cheek each diode as follove:: | 
- Set one VIVM on the 1% volt seale-and comect across the diode ° 
Place tho function swithh on ohms for the other meter and also 
Lace BCPross the diode, 


‘Check voltage from onmmeter for Pomwerd conduction. Start with 
_ Xi range reading both the resistance and voltage. From this 
 ealeulate the nimi Repeat with aie lepenaegtaa of the resistance 


PONZeS. 


Connect oummeter for the reverse polarity and repeat all steps 
ie @g in tho forward conduction. 


Record, oi information ‘as in the example below: 


FORWARD | . REVERSE 

sistance Voltage Currvrerit . Resistance Voltage Current 

ti 500° ohms — i. Aue 2, 68ne, Ind, 1.5 Sn 

— 600 ohne 1.28 SetD | Bagh He rat 

ae 18K . eo 209" Int. 7 e 8) 

ie 8 sa Meme ett wy 1 Mor 1.48 t4SOul. 
i tee: be 201375 1.1 Hog 1.57 1.245 


203 20015 Ma 52). Meg * 54) 1.00 
ich diode wes defective? Give your reasons according to peadlage 


ee 


me, why does the resistance increase with 
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BUERMANIUM DIODE READINGS 


FORWARD 


Voltage 


1.43 volts 


Leos 
47 
18 
065 
~005 

0 


1.48 
Leal 
-D2 


n 
n 
nt 
n 
Ww 


REVERSE 
Current Resistance Voltage 
LN48 
9.54 ma. Inf, 1.54 
C92. 1 " 17 54 
he " " 1. 54 
ee 500 K 1,5 
2105 * 510 & A am 
5. UA. oy. 04 
@) @) @) 
1N51 
6.74 me, Inf. See 
aS us % £55 
beer 7% 20 Ek ieee 
169 ® 16 K 96 
Ol2>® 14 K op | 
7 i> aa ig. = 404 
0 @ 0 
1N52 
12.8 ma. int, 1.54 
Deve, «2 > 1.54 
Bross a 1.54 
1088 ® 200 «=K 1.47 
02485" 160 Kk 094 
@) 50 04 
0 0 0 
1LN6O 
15.35 ma. Inf. 1.54 
6.62 " 4 1.54 
tekes" i 1.54 
Le " 175 K 1.48 
02189 " 150 K 292 
«00175 -* 40 K 205 
6) @) 6) 
1LNO5 
32.5 ma. inf. a, 55 
6.09 " a i he 
acc 1o P ? yy be 
eacd tt 500 K A D2 
7013535" 215 K Be Be) 
1.05 ua. 90 K re 
@) 10 K ~005 
CKTO7 
14.3 mae Inf, i 55 
Gi99 ie 2 44655 
sg TS " Fhe be 
gies * 500 K 1,54 
,O125 8 440 K 1.25 
i, ua, 44 K e 06 
0 6) @) 
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SUMMARY QUESTIONS ON DIODE JOB SHEET: 


By comparing the readings of all diodes, there seems to be an in- 
dication that diode 1N51 may be defective. The current on the re- 
verse direction is extremely high compared with the other diodes 
readings and the reverse resistance many times lower, These facts 
would indicate that this particular diode will not be to effective 
as a rectifier. 


In the reverse condition, the diode is biased with a positive po- 
tential on the N material and a negative potential on the P mate- 
rial, exerting an atraction on the electrons and holes away from 
the junction towards the terminals. Increasing the potential be= 
tween the terminals, will increase the atraction, which in effect 
is like incres@ng the resistance of the junction to current flow. 


in the foward condition, the diode is biased with a negative poten- 
tial on the N material and a positive potential on the P material, 
with the effect ef a driving force pushing the electrones and ho- 
les towards the junction where they combine. Increasing the volta- 
ge at the terminals increases the driving force, which moves more 
electrons and holes. The net effect is like decreas&ng the resis-— 
tance of the junction to the carriers, since the combination of 
holes and electrons constitutes the current flow. 
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aoe | Trensistor Characteristics 


| To observe the effect of a change in emitter and base current 
on output or collector current, 

Prepared transistor circuit and two different types of PNP junc- 
tion transistors. 

Two 10 ma meters and a microamp meter. a 
Connect equipment as showns 


Plot two curves for each transistor as follows: “= 


A. Y¥ axis= Collector Current. 
X axis= Emitter Current. 


- Bo Y axis= Collector Current. 
i X axis= Base Current. ! 


mary Questions: 


Sum 

il 

oe; of beta for each transistor? 

2, What is Alphs?--Using the curves what was the value of alpha 
for each transistor? | 


1. Beta is the ratio of collector current to base current, used 
only on the grounded emitter transistor circuit. 


Beta of 2N170 ----18.75 
lh ae ee. ee 30 


2, Alpna is the ratio of collector to emitter current. 


Alpha of 2N170 ----.94 
Meas fin 6 os9 3-285 


1. What is Beta?=<--What value from the curves plidted was the value 
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ELECTRONICS TECHNICIAN mae leet 
JOB SHEET 


Transistor lifier Chara istics 


Objective: To determine the amplifying characteristics of a typical 
transistor amplifier. 


© ieteriais: Prepared transistor circuit board and components as illustrated, 


Equipment: Oscilloscope, microammeter, ma, meter, and an audio Signal gen- 
erator. 


Procedure: Connect ES ae aie equipment as shown: 
Ss 


tf. Plot curves of variation in Ig with a change in Ip for two 
collector loads--?1K and 2K, 


II. From reference data determine the input impedance of this 
transistor. With this information and the curves plotted. 
determine the current and voltage gain for each load, 

SHOW ALL WORK AE j Alc 
Input impedances ‘700 ohms. Voltage gain: Gurrent gain: > Tb 


a : | Bee ape alaty! 5 
1 K, Loads Current gains: Tio uae - 


A Ee = 0002x1000 =.2 volts abe tpg aed Bad Gales hee 97 
A Ed=10ua. x 100-.00f volts Voltage gains or 283,51 
, eo na, _ 
2 K. Loads Current gaini——558 =e0 
4 Ee s .0002x2000 = .4 volts iy ie o4 - 57,14 
A Eb=10ua x 700 =.00% volts Perey Bee Cine = ar 


Lit. Connect audio generator in series with the 10k ohm resistor 
and oscilloscope on output of amplifier. Adjust output of 
generator and bias for maimum undistorted output. Measure 
with oscilloscope input and output voltages. Compare this 
voltage gain with the calculated values in step # 2. 


1 K. Loads Input---—~-~- -085 volts. Output--- 1.7 volts. Voltage gain 21.2 
2 K. Loads Input-----~ -04 volts, Output----1.4 volts. Voltage gain 35 
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ELECTRONICS TECHNICIAN 


JOB SHEET 
Demodulation 


To observe the characteristics of aé¢tectors and understand the 
Rearing of demodulation. 


alst. Crystal, diode, 6C5 tube, and various resistors end capacitors 
as required to construct detectors, 


ment: 455Ke RF amplifier, signal generator( RF with AM modulation )s 
oscilloscope, arid VIVM. 


Pr 


De —_—o s - 5 = 
rocedures Connect equipment as shown: 


. D Connect seope across output and set signal generator frequency 
—  -- for maximum output. Turn function wwitch on generator for 
ss ss AM modulation. Draw waveform of modubbion envelope. 


ad II. On provided connection board of the RF amplifier, construct 
oa & crystal diode detector, Draw schematic of detector. 

by 2, Place scope across dicde load detector. 

A, b. Draw waveforms for the following conditions: 

ore. ? 1. 100 mmfd RF by-pass. 

hh: 2. 500 mmnfa " NR 

oo | Se Ot nfa" $8 3 ; 


~~ II, Connect demodulator probe to input of scope. Observe results 

i ; when placed across output of RF amplifier. What is the maxi- 
S mum peak to peak value of the AF component? What is the dif- 
. ference between a RF probe used for a VIVM and a probe for an 
ss oBeLLLoscope? ( VIVM assumed to be a DC voltmeter ). 


aft) IV. Connect 6C5 as a grid leak detector. Draw schematic and show 
ss Values. Compare this detector with a diode for sensitivity 
ey and ability to handle signals without distortion. Note: to 
es eg a 6C5 as a diode y tie plate and grid together. 
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A AVY ey 
PU NY NY 
AM modulated RF carrier 
ieee) rN / i 
a | / 
et NZ | \ 
; v6 af \ud f Auf 
i a | Audio wave with 100 mmfd. by-pass capacitor 
v6 EAC AAV AVAVAG. 
= BOOK %: / 
| Audio { \ / 
Diode detector an ae | 
| V \Y | 
Audio wave with 500 .mmfd, by-pass capacitor 


Audio wave with .0O1 mfd. by-pass capacitor 


Qe 
the detector probe is 1.7 volts. 


b. 


The maximum peak to peak value of the AF component obtain’ with 


The difference between the scope and the DC VIVM RF probes is that 


the VIVM probe requires a filtering network so that the DC VIVM can 


read the voltage. 
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Los Angeles Trade Tech. dr. Colleges 
Instructor : 


Objective: 
Materials: 


souipment ; 


Procedure 3 


ee 


Connect eqaipment 24 materials as shown: 
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JOB SHSET 


*% mays ¢ Si} & ma 
Tiarmonic Dtsetortion 
Le Steele rand Deira bere ong A re ae Neha SE 


How to measure harmonic distortion. 
gguiva lent speaker load resistor. 


Audio amplifier, distortion meter, oscilloscope, “uc 
generator, and AC voltmeter. 
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Load. Resistor 
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4% 4 ; Ss } 
Ampliher | Osc Moscgpe 
een onde 


Determine the maximum input voltage to amplifier and set 
output of generator for this value at 1000 cyciss. 


inerease volume control until rated output of amplifier is 
reached. This can be determined from the voltage across 
the load resistor--powerti— watt 8. 

Remove voltmeter and proceed with distortion check after 
first reading and checking with instructor on the use and 
tie operation of the distortion meter. 


Check and record % and type of distprtion at and above and 
below rated output of amplifier. 


At normal operation remove negative feedback and record 
results with respect to diatortion, gain, and frequency 
response - 
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Instructor: R. H. Oeffinger Technicians Agustin Lucas 
Dates _ May 8 1957 
ELECTRONICS TECHNICIAN 
TECHNICAL’ REPORT 
TMtle: Sor feat Distortion 
2) / Maximum input voltage to the amplifier: .8 volts 


<. Rated outputs 6 Watts. across a 10 ohm resistgr. 
i 


output voltages 7.7/5 volts. - 60 ~ 6 Watts. 


ie 5 
2 At rated outputs 6 Watts, input---- .8 volgs. 
output—--/.//5 " 

baes & ord, harmonic distortion’ ———— 9.3% 

+- Below rated outputs At 2 Watts, Input -------- -32 volts 
Gutput —-—-----4,47 : 

ond. & 2rd. harmonic distortion —---—~-—-~~~~—~ 2.6% 

3, Above rated outputs At’ 7.1 Watts, Input ------------ .9. volts 
o Output -------—-—-- 5.42 “ 
end. & 4rd. harmonic distortion --—~--~---—-—-~—-~—~-- 12% 


6. At normal operation: 2 Watts output with feedback. — 


Feedback removeds Input voltage ------— sse WelLts 
Output vol tage-—--~-- 8 volts ~* 
nd. & 3rd. harmonic distortion ——+~—-~~~.—~... 12,5% 
. Output -—---~-------—- 6.4 Watts 
Gains 10 Log a = 5.05 Db. gain without feedback. 


?. Response curves shown on separate graph. 
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Objective 3 


Materials : 
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. Bduipment : 
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Testing Transmissic:. Lines on’ intennas 


How to test and measure the characteristics of transmission lines 


and antennes by the sweep generator method, « 
Prepared materials board and 50 feet of flat antenna lead-in. 


Sweep generator, marker generator, oscilloscope, and dipole entenns.. 


Connect equi rated 3 _ 


I. Connect one end of the twin lead to equipment and terminate the 
other ond with the potentiometer. ‘et sweep generator for max- 
imum sweep and output. - 


ay 
- 


Adjust frequency control until « maximum and mintmum voltae 
ratio can be observed on the oscilloscepe, Adjust terminating 


votentioneter for minimum SWR. Measure the set veluc and 


recerd_3/0 C445 .« 
1, Explain why this value is the characteristic impedance of 
tho transmission line, wemimum SWRA. means, Tar We edeRey 
18 COWSU MED BY 


16 BEING RETrerRmnizb Te THE sevreeG. PILE CLF IT 
THE LO09ID. THEREFORE THE LIVE ($ PATCHAP FO FIVE LCD 


How ean SwR be determined at the end of a line with tho 
method used in theis job sheet? AY wense tin € Tre aMnxiMen 
ANP WIN Miva PEAKS eF TITE Sw. AWD USING THE as a 
It. Cormect antemna to eculpment. Vary frequency of sweep senerator. 
Yrom SWRs observed dcotormine the appx. frequency at which the 
antenna is cub and the frequencies at which*iis the moct efficient. 
Use: the marker senerator to identify the frequencier. | 
Record above results CésTéeR fr. 2°35 Mee -R RANCE-(97? — 220 Me. 
3. vhny does the antenna have more than one point of ocreration 
with respect to frequency? 74. sfCeerD AYP THIRD 
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ent: a source (200-300. me) and Lecher line. 
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edure 3 Connect equipment as illustrated: . in 
Sule Ym. echey Line } R,F. | 


> _ 
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oe. | 


Flores, espent 


I 
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qT, With power applied measure the distance yee centers of the 
“dark: points on the fluorescent tube with the lecher line open, | 
Record from this the operating frequency and wavelensth: 


a ilove neon lamp along onc wire and compare results with the 
_ fluorescent light. 


sre ; 
> oe, “hat potential exists at end of transmission line? 


1 ty 
oo Lee what potential oxists ~ wevelensth from end of line? 


> _ 


> 
ae Short end of transmission lino. 


MT a4 


3. shat happened to minimum points? ‘hy? 


Ae ; Repeat questions i and ae 


o 
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ag IT. Caloulate characteristic pete of line from: 


ea _ bs distance between centers. 
« Zo=276 Logjo-2- oi diameter of conductor, 
 *Fi co this value at the end of the line and note condition of lan». 


sae S Geet oeapricigete of foes 7o across ge ERs Line when 


y ee ené of line, Move and adjust shorted stub 
ine for maximum light ond mintmun SR. 
on of stub Be an inpedonece matching device. 


AP « 


UnhttanaS 


A oOte Ove 


vwindea. to soetre scan | 
ny", eos Suto z oe rut he ac tin aa “pat 
Tih. eroeoG nieve 3 ad sama 


Beet ee OR aes “Onto: rete ont ae 

Le a 

eerie e: ‘an dea rlipe: Oo iret. 
Kh 


‘a emer hed 
rei Ye Cu, 
onl 9. aretae 
* 
= ; 
4 . Ri ad & j 
‘ee 
ee 
nh  € 
ro | 
. % i 
i : es al ~ 
. he el - 
~— ? ys 
} ie a 
PT ww 
i La J i. to 
ol A 
' bi cA ae we 
A 
ro. }. treo ktasun Jane 
‘ ~ re ae ™ 
, 4 Lie o 4 af o) on 
: ~¥ 
j ork 
iy 
pag) FeO, aa 
I feo 


? io. Sof Ca. Sp Ley ‘seed ea 

pr. ko) keto tavo! pil poreert 

OTC! are ge 3 sua a eee 
ae rs 


echt te ito snoros. es) a 
sintt. aun ieom tok Some bee 
b piqeoed drsta. oe Holton is ad 


ns is hie ty mi aa toe = 
Pad een i ae ee . 
“06 ; % i , . v ox 7, 7 - 


Los Angeles Trade Tech. Jr. College 


A 
Instructor: R. H. Oeffinger Technician: ‘Agustin Lucas 


ii, 


iil, 


IV. 


Date: May 10 1957 
ELECTRONICS TECHNICIAN 


TECHNICAL REPORT 
Title: pre tate Characteristics. 


Answers to Joo Sheet. 


Distance between dark points: 25 inches. The dark points repre- 
sent the ends of a $ wavelengtn. One wavelength then is 50 inch. 


ae 10° meters 
Wavelength . 


Therefore: Ors Seed meters One wavelength; 


fr, = There are 39.4 inch. in one meter; 


Tens _3.x 10° ~ 2.36 x 10° = 236 Me. 
1.27 


The same results were observed with the fluorescent lamp and the 
neon lamp. 


1. At the end of an open line exist a nigh potential, 


2. * wavelength back from the end of the line presents a low po= 
tential point, 


3. When the line was snorted, the minimum voltage points moved 
forward + wavelength. The characteristics of the line changed 
Since at the end of a shorted line there is low impedance. 


4, At the end of a shorted line exist low potential. 
+ wavelength back from the end presents a high potential point. 


bs Distance between wires in inchess 3 


ov D 
4,=2/6 log —Z as Radius of wires in inchess .052” 


te 
Zy= 216 log ~Sz5 = 545 onms. 


5. When a line is terminated with it's characteristic impedance, 
Tne voltage and current are in phase and their values are the 
same on any place in the line. 


6. The lamp does not represent the matched load for the line. 
The shorted stub was less than a $ wavelength. A shorted stub 
less than a $ wavelength acts inductive. 
When a line is not terminated with it's characteristic impedance 
it acts either inductive or capacitive. Since the stub used was 
inductive, the cancelled reactance must be capacitive. 
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RADIATION PATTERN 
for Dipole with Reflector 
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mw Objectives; To develope an understanding of polar sraphs and the radiation 
1 pathern of a common dipole with a reflector. 

Connect signal level indicator to to transmission of fixed ante 
By signal level determine orisin of transmitting antenna, 
this reference plot & graph by rotating the antenna and observin:, 
the signal level. 4 


That value is the front to back ratio? — 


Procedure 3 
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\ ELECTRONICS TECHNICIAN 
a | | JOB SHEET 
el Amplitude Modulation 
; i =) ; | : . 


® ah as oy ; 
Obje tives How to measure the % of modulation. 
Equipment: Oscilloscope, Signal generatorg--RPF and AF. 


Proc sedu Ire 2 Connect equipment as shown to obtain trapsgoidal pattern. 


a 
om er '> 


4 


Draw the pattems showing zero, 50%, 60%, 100% and over 


modulation. Use the graph on the face of the scope and 
and the Following equa tibn: 


‘fe 


dmoduls tione Homaxe = min, X 100 
H max, -t- NM Mite 
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{ use drawing forn ) 


Sogee me 


, “Le Nam. at leas three " module 
. Grid, Screen crid and y Rhode. Modulation. 
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Hartis y Oscillator 
How to test and adjust oscillator 
cause and requirements for ose PViation: 


Neon and pilot lamp, diode erystal, and 
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The ece lights up brightest on ae ‘bottom section, or plate 
side of the coil. In this section there is more current, sin- 
ce the feedback current plus the tank current are flowing 
througn that part of the coil. 
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The side of the tank nas the TicKees RE potential. 
The plate side has less RF, 

The ground points nave a very slight indication of RF. 
The B plus no RF potential. | 
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1.4" Job Shest--liartley Oscillator 
To determine frequency connect equips : 
prent as shown, This 
procedure will produce a zero beat at resonant frequency 
which can be observed on the oscilloscope, . 


Give frequency range of the oscillator. 
From 2.7 Me. to 4.9 Me. 


With the aid of the VIVM cheek for grid bii ee 
this value: . grid bias and record 


Maximum grid bias with no load: -13.6 v at 2.7 Mc. 
je " . With loads —~75 v. at 4.9 me. 


Describe the effect of loading this type of oscillator; 

As it can be seen by the drop on grid bias voltage above, 
when the circuit was loaded, the frequency shifted and the 
bias voltage dropped considerably. The drop of grid bias 
voltage indicates a loss of some of the oscillating voltage. 
This fact along with the fre. shift indicates that the cir- 
cuit has been detunned. Therefore, when the circuit is loa- 
ded in the manner done on this job sheet, the energy con - 
sumed by the pilot lamp must come from the tank. In effect 
the Q of the circuit is lowered by the reflected impedance, 
This impedance is not a perfect resistance, since a reactan- 
ce must also have been reflected to detune the tank. 
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The Hartley is a self-excited oscillator, That is, oscillations 
begin spontaneously. No external source is required to trigger it. 


Assuming that the cathode is heated for normal operation, but 
with no B plus applied to the plate, no current can flow Now if by 
means of a switch, B plus is applied to the plate, there will be a 
surge of current through the tube since at that instant the bias is 
zero, Part of this current is fed to the grid tank circuit through 
the bottom section of the tank coil. This current will induce a vol- 
tage in the rest of the coil, which in turn will start the tank os- 
cillating. The frequency of these oscillations will depend on the 
values ot the capacitor and the coil. 

As the tube. current increased the grid began to draw current de- 
veloping a negative voltage across the grid resistor. 

In the meantime the tank oscillations keep increasing in strength 
due to the feed-back current. This oscillating voltage keeps adding 
and subtracting to the grid leak bias voltage until the negative pe- 
aks drive the grid to cut-off, stopping the tube current, At this 
point the bias is kept constant by the action of the bias capacitor. 

The bias increases in the positive direction only when the posi- 
tive peaks ot the oscillations overcome the cut-off point. During 
this positive peaks, plate current flows for an instant, feeding 
back to the tank enough energy to substain the oscillations, 
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